The parameters of respiratory system mechanics and oxygenation are commonly used to wean patients from long-term mechanical ventilation [1] [2] [3] [4] . Factors, such as advanced age, female sex, time of extracorporeal circulation, cardiac dysfunction, and low cardiac output, may lead patients to long-term mechanical ventilation [5] [6] [7] [8] . However, few reports exist about the conjunct use of parameters of respiratory system mechanics and oxygenation, and cardiovascular alterations as factors involved in the successful weaning of patients from long-term mechanical ventilation after cardiac surgery.
In the postoperative period of cardiac surgery, patients are usually extubated as soon as the anesthetic effect ceases, and the ventilatory modality has little impact on the decision to extubate 9 . Approximately 3 to 6% of the patients, however, may require long-term mechanical ventilation due to the complexity of cardiac and pulmonary diseases or due to other systemic problems 10 . In these cases, the usual criteria for extubation, such as analysis of the arterial gases and determination of vital capacity and minute volume, many times fail to foretell the success of extubation 11 . The amount of material and financial resources consumed by these patients on long-term mechanical ventilation are high, and some studies were conducted in an attempt to find ways to reduce the costs 5 . Our study aimed at analyzing the parameters of respiratory system mechanics and oxygenation, and cardiovascular alterations, and at assessing the factors involved in the success or failure of weaning tracheostomized patients from prolonged mechanical ventilation after cardiac surgery.
Methods
We studied 45 patients on long-term mechanical ventilation after cardiac surgery admitted to the Surgical maintained > 93%. Weaning consisted of gradually reducing the ventilator parameters, such as respiratory rate (f), pressure supported ventilation (PSV), positive end-expiratory pressure, and fraction of inspired oxygen (FiO 2 ), until minimum parameters were reached, ie, f = 2 rpm, PSV = 10 cmH 2 O, positive end-expiratory pressure = 5 cmH 2 O, and FiO 2 = 0.4. At that moment, gradual withdrawal from the ventilator was initiated under continuous nebulization with oxygen support and maintenance of oxygen saturation > 93% for 30 minutes in the morning and 30 minutes in the afternoon. In the nocturnal period, mechanical ventilation was maintained. Those periods of time were gradually increased until complete weaning from the ventilator was obtained, as shown in the weaning protocol in table I.
Success in mechanical ventilation weaning was defined as the patient's complete independence of the ventilator for a period > 48 hours, maintaining oxygen saturation above 93% with oxygen support and no fatigue in the respiratory pattern (tachypnea, use of the accessory muscles, paradoxical movements, or asynchrony between the chest and the abdomen). Failure in mechanical ventilation weaning was defined as the patient's dependence on the ventilator for a period longer than 8 weeks (56 days) or when death occurred.
The study was approved by the scientific committee of InCor and the committee on ethics in research of the Hospital das Clínicas of the Medical School of the University of São Paulo.
All variables are described as mean and standard deviation. Data on success and failure were analyzed with the Student t test, and the variables time of extracorporeal circulation and cardiac dysfunction were analyzed with the Fisher exact test. The statistical significance level adopted was p < 0.05.
1999. Thirty-four were males and 11 were females. All patients included in the protocol had undergone cardiac surgery with extracorporeal circulation and remained on long-term mechanical ventilation for more than 10 days after failure to wean, being then tracheostomized. Patients diagnosed with sepsis or mediastinitis, or with a temperature above 38 0 C or below 35 o C were excluded from the study. After tracheostomy, the patients were sedated with intravenous midazolam, and muscular relaxation was induced with pancuronium bromide for measurements of respiratory system mechanics. The Veolar-Hamilton ventilator (Switzerland) was used adjusted to the parameters of ventilatory modality and controlled volume to assure tidal volume of 8 mL/kg, inspiratory flow wave of the square type, and inspiratory pause of 0.5 seconds. The inspired fraction of oxygen and the positive end-expiratory pressure were adjusted to maintain a peripheral oxygen saturation ≥ 95% until the lower limit of oxygen concentration of 40% and positive end-expiratory pressure of 5 cmH 2 O were achieved.
After adjusting the mechanical ventilator, the following measurements were taken directly from the panel of the respirator: tidal volume, peak inspiratory pressure, minute volume, respiratory rate, plateau inspiratory pressure, positive end-expiratory pressure, and inspiratory flow.
To assess respiratory system mechanics, the humidifier was removed from the circuit of the respirator 12 . The following measurements were taken: static compliance (mL/cmH 2 O), airway resistance (cmH 2 O/L/m), dead space/ tidal volume ratio, rapid and superficial respiration index, PaO 2 /FiO 2 ratio, and PaCO 2 .
Total static compliance was obtained dividing the tidal volume by the plateau pressure subtracted from the value of the positive end-expiratory pressure. Total airway resistance was calculated dividing the difference between the peak inspiratory pressure and the plateau pressure by the inspiratory flow. The dead space/tidal volume ratio (Cosmo Plus-9, Dixtal, São Paulo, Brazil) was obtained performing arterial blood gas analysis with 100% oxygen concentration. After spontaneous decurarization, and when the patient's clinical conditions allowed, the endotracheal tube was disconnected from the respirator and the rapid and superficial respiration index was measured at the first and fifth minutes. The parameters of respiratory system mechanics and oxygenation obtained were compared with the normal values 13 . The type of surgical procedure, time of extracorporeal circulation, presence of myocardial dysfunction, and neurological alterations were analyzed. The time of extracorporeal circulation was considered longer or shorter than 120 minutes. Cardiac dysfunction was defined as cardiac index < 1.8 L/min/m 2 in patients taking inotropic drugs or with ejection fraction < 50%, or both, and was analyzed on echocardiography. Neurological alterations were the lesions clinically assessed and confirmed on cerebral computed tomography, excluding progressive neurological lesions. The variables respiratory system mechanics and oxygenation (static pulmonary compliance, airway resistance, dead space/tidal volume ratio, rapid and superficial respiration index, PaO 2 /FiO 2 ratio, and carbon dioxide arterial pressure), when compared between the "successful" and "unsuccessful" groups, showed no statistically significant difference (tab. IV).
Of the patients studied, 27 (60%) had cardiac dysfunction, 9 (33%) of whom evolved to successful weaning, and 18 (67%) evolved to unsuccessful weaning. Of the 18 (40%) patients who had no cardiac dysfunction, 13 (72%) evolved to independence from mechanical ventilation, and 5 (28%) failed to wean from the mechanical ventilator. This difference was statistically significant (p=0.016) ( fig. 1) .
The time of extracorporeal circulation was shorter than 120 minutes in 23 patients, 15 (65%) of whom evolved to success, and 8 (35%) evolved to failure to wean from the mechanical ventilator. Of the 22 patients with extracorporeal circulation time longer than 120 minutes, 7 (32%) evolved to success, and 15 (68%) to failure to wean from mechanical ventilation, a statistically significant difference (p=0.038) ( fig. 2) .
In the group studied, 15 (33%) of the 45 patients had neurological complications, 9 of whom succeeded in being weaned from the mechanical ventilator, while 6 did not.
Discussion
Our data show that 46% of the patients under mechanical ventilation were successfully weaned from ventilatory support. This percentage is compatible with those of other reports in the literature 1, 14, 15 . The causes of failure to wean from mechanical ventilation in these patients related mainly to the presence of cardiac dysfunction and prolonged time of extracorporeal circulation.
Several studies 2, 13 have recommended the use of static pulmonary compliance, an easily measured noninvasive variable, which proved to be a useful criterion to foretell success in weaning from mechanical ventilation in patients with pulmonary disorders. However, in our study, although static pulmonary compliance showed values below normal, it was not sensitive enough to differentiate the evolution of the patients in regard to weaning from mechanical ventilation. The reduction in static pulmonary compliance may have been due to procedures involved in surgery, such as sternotomy, extracorporeal circulation, surgical manipulation, and presence of drains 16, 17 . In our study, airway resistance was increased in all patients, but no significant difference was observed between the patients who evolved to independence from mechanical ventilation and those who evolved to unsuccessful weaning. Zanotti et al 2 , analyzing airway resistance in patients with chronic obstructive pulmonary disease Associated procedure = myocardial revascularization + another associated procedure; AoA -aneurysm of the ascending aorta; LV -left ventricle. 18 , in a recent study, reported that the increase in airway resistance in patients with COPD makes mechanical ventilation weaning difficult. The increase in airway resistance observed in our patients may have been due to edema of the airway walls, presence of fluids or secretions within the airway lumen, and a reduction in pulmonary functional volume 16 . The dead space/tidal volume ratio has been reported to be predictive in mechanical ventilation weaning when associated with a system of scoring, including data on respiratory system mechanics and oxygenation 1 . Our study revealed that that variable was not significant in foretelling success in mechanical ventilation weaning, because both groups had values similar or close to normal.
The rapid and superficial respiration index variable is widely used to predict the results of mechanical ventilation. This index has been considered valid by some authors, showing that patients with values below 100 rpm/L achieve independence from ventilatory support [18] [19] [20] [21] . This variable is easily measured, does not depend on the patient's cooperation, and is highly predictive of the result of weaning 20 . However, our data show that that variable was not statistically significantly different between the groups. Our case series comprised 7 patients who had no clinical condition for undergoing the test, due to hemodynamic instability or sedation, or both. Similar results were also found by Nava et al 4 in patients with COPD; according to those authors, the rapid and superficial respiration index did not prognosticate success or lack of success in weaning.
The PaO 2 /FiO 2 ratio is routinely used at our institution after cardiac surgery as a parameter of mechanical ventilation weaning, and it may be used independently of the patient's clinical conditions, although cardiovascular alterations may influence venous oxygen content and cardiac output 13 . That ratio identified no significant difference in regard to oxygenation in both groups.
Cardiac dysfunction has been reported in the literature as 1 of the factors that impair mechanical ventilation weaning in patients undergoing cardiac surgery 7, 8, 22 . Lemaire et al 23 reported that COPD and left ventricular dysfunction are factors that may contribute to failure to wean from mechanical ventilation. A statistically significant difference was observed in the incidence of cardiac dysfunction between the groups; the presence of cardiogenic shock and low ventricular ejection fraction were factors that interfered negatively with weaning from mechanical ventilation.
Time of extracorporeal circulation is 1 of the major factors that delay weaning from mechanical ventilation in cardiac surgery, due to the important physiological disorder caused by the inflammatory response to the extracorporeal circuit. This disorder affects the pulmonary capillary membrane, causing an increase in the physiological shunt, and altering gas exchanges 24 . Previous studies have shown that a prolonged extracorporeal circulation time (> 120 minutes) is usually related to a high surgical risk 7, 8 . Our findings were similar in patients who remained in extracorporeal circulation for more than 120 minutes.
The neurological alterations were one of the major complications in the postoperative period of cardiac surgery. The mechanisms involved are multifactorial, although those related to extracorporeal circulation are specifically implicated 25 . Our data show that patients who had undergone cardiac surgery and had neurological alterations, when undergoing prolonged mechanical ventilation did not necessarily evolve to unsuccessful weaning.
In conclusion, our study showed that in patients undergoing cardiac surgery and requiring prolonged mechanical ventilation, data on respiratory system mechanics and oxygenation did not interfere with the success or lack of success in weaning. On the other hand, cardiac dysfunction and time of extracorporeal circulation directly influenced success in weaning. 
